GENERAL COMMENTS
The paper applies a latent class model to a certain longitudinal data set to describe patterns of item missingness and other models to study the relationship between a participant's item missingness with their demographics and their future participation in the longitudinal survey. The statistical methods used are well-established so the focus is on demonstrating the statistical methodology and how the results can be used to inform future survey design.
My main comments are the following: a) I find it confusing and difficult to follow the first part of the paper as the statistical methods and their corresponding results have been separated in different sections. I think if after describing each method/ model and its assumptions, the results from this model should follow. This way, the reading will be facilitated and the reproducibility of the applied methods to other data sets will be enhanced.
b) The authors claim that item missingness in the survey is associated with age and education. However, the description of the three latent classes (i.e. which items have higher probability to be missing in each latent class) indicates that the missingness may be associated with lifestyle and level of physical activity. It is quite plausible to assume that younger and more educated people tend to have healthier lifestyle, better health, and being more active physically. Thus, it is the latter variables that may actually have impact on item missingness. For this, the conclusion that the item missingness depends on the demographics, where the questions were placed in the questionnaire, that the respondents may have had difficult to recall an answer due to time distance, are not so convincing. Have the authors run a model to study the association between missingness and lifestyle, health status, and physical activity? I think they should present such a study in their analysis. c) There are several points in the paper that need clarification. I elaborate on this point below. d) I would recommend that the authors provide the entire code, from data managing/screening to extracting results from the demonstrated models/methods since the scope of the paper is entirely to demonstrate the related methods and their usefulness.
Comments on points that need to be clarified / become more precise: 1) Page 1, in the section "Materials and methods", it reads: "A latent class model with a mixture of multinomial distributions". What do the authors exactly mean here? A latent class model is indeed a mixture model and if the observed variables are categorical then it is indeed a mixture of multinomial distributions by definition. In such a case, the standard terminology is "a latent class model". There are other points in the paper that the authors use the term "multinomial mixture model". If they refer to the latent class model, they should better refer to it as such to avoid confusion.
2) I find the expressions "greater/higher item missing" and "item missing" used throughout the paper rather confusing. It would facilitate the reader if these expressions are substituted by: "rate of missing items" / "item missingness" / "probability an item to be missing" / "pattern of missingness". Similarly for "wave missing"; it would be less confusing if "wave missingness" / "probability a participant is missing in the next wave" are used instead.
3) In several places, it reads "average estimated probability" and "mean estimated probability". I have the impression that the average or mean is not needed at some points otherwise, the authors should clearly mention over which units (questions? Participants? Over latent classes?) they average. 4) The formula of the latent class model should be provided as well as well as the mathematical expressions of the different probabilities mentioned throughout the paper to facilitate the reader. 5) In page 4, line 10, it reads "We allowed unequal group sizes…" but this is the default in latent class model. Do the authors try to make an indirect comparison with some other method similar to latent class that assumes equal sizes of latent classes? Also, I would suggest to specifically mention "latent groups" or "latent classes" rather than just groups to avoid confusion (as latent class models can be used in a multi-group analysis). 6) Page 5, line 3, why was the model fitted the Bayesian way (and not in a frequentist way)? What is the advantage? Please discuss this choice in the text so a reader familiar with frequentist statistics will not be discouraged to apply the demonstrated method simply because they are not familiar with the Bayesian approach. 7) Page 6, line 4: please explain the role of P in the model and what are the different shapes produced based on the P values mentioned. Also, gamma is mentioned as a random intercept but it is not stated what distribution it is assumed to follow. 8) Page 6, "Results" section: Please give already there the estimated sizes of the latent classes which are now given in the last line of the page. Also, in the last paragraph of page 6, along with the average probability of an item to be missing given a latent group, please also provide the range of these probabilities within each latent class. It would also be helpful to provide a table with the number of questions for different ranges of these probabilities within each latent class (e.g. in latent class 2, 100 questions have probability to be missing between 0-0.05, 80 questions have probability of being missing between 0.05-0.1, etc.). Moreover, it reads "Group 2 had an average missing probability of 0.05 and this was relatively constant through the survey" but the probability of 0.05 does not appear to be constant in the related graph. 9) In page 7, line 8, and Table 2 , please amend the term "credible intervals" to the standard statistical term "confidence interval" for the sake of precision. 10) In page 7, it reads "overall model fit chi-squared = 66.2 (1)" and it is claimed that this shows strongly significant association between the rate of missing items per participant with their probability to participate in the next round of the survey. However, if the authors refer to the model of page 6, these have two explanatory terms, the rate of missing items and the random intercept. Please explain your argument here. Alternatively, one could consider to provide the estimate and confidence interval of beta_1 coefficient. 11) In page 8, 4th paragraph, it reads: "…the highest missing for work, which would not be applicable for retired respondents". The non-response of retired people to the question "walk to work" should definitely not be counted as missingness as the question clearly does not apply to this category of respondents. The authors need to do logical checks across the questions of the data and make sure that all data analysed are meaningful. For this, they need to include a related section in the paper to reassure the reader that item missingness is correctly defined. 12) Page 9, last paragraph, it reads: "An initial dimension reduction step may have been useful, such as principal components analysis, to combine questions with a similar pattern of missing". A comment here just for the authors reference: The simultaneous usage of factor analysis models and latent class models are well-established in the literature. 13) Page 10, 2nd paragraph. Latent class models where the latent class membership is regressed on covariates are well-established in the literature. I have the impression that the R package covLCA can run such models. The authors seem to be dependent on what is available in the Bayesian framework with no obvious reason why the choose the Bayesian approach. This needs to be discussed in the paper so that practitioners more familiar with the frequentist approach will not be discouraged to apply the demonstrated techniques. 14) Page 10, it reads:" Data driven approaches such as that shown here can only identify data that is Missing at Random (MAR) and further assumptions are needed to identify data that is MNAR…" Please discuss-clarify this point to avoid confusion. The statement does not seem to be entirely correct. The results provided in the paper indicate that the item missingness may be associated with a participant's lifestyle/health and level of physical activity. Also, applying a latent variable model on the observed answers of the questionnaire along with a latent class on the indicators of missingness can indicate MNAR cases with no further assumptions. Some literature on that approach is:
Knott, M., M. T. Albanese, and J. Galbraith (1990 
VERSION 1 -AUTHOR RESPONSE
Reviewer: 1 Reviewer Name: Yiran Dong, Dun & Bradstreet Co., U.S. This is a well written paper that illustrates the statistical procedures and methods that can be utilized to examine item missing data in a longitudinal survey. The results shed light on the groups of participants that have different missing patterns, the nature of missing data in each group, as well as survey design strategies to minimize item missing data. I'd like to see the insights from this study being used in subsequent studies to impute missing data properly using multiple imputation. There is one suggestion for the authors to consider. When choosing the number of latent groups, the authors require that all groups contain at least 1% of the total sample size. To further improve the study, I suggest the authors relax this requirement a little bit. According to Table 1 , the participants' mean missing rate (1.78%) is much bigger than the median and 3rd Q missing rate (0.35% and 1.40%, respectively). Figure 1 also shows that models with 4 or more groups lead to much lower BIC values. Therefore, it is very likely that there is a very small group of participants that have extremely high missing rate. Increasing the number of groups to isolate those participants with extremely high missing rate may offer more insight into the missing patterns and missing mechanisms. RESPONSE: We have now included an additional analysis that examines the missing pattern using the lowest BIC value for 14 latent groups. See new section on page 8 and new Figure 4 . Overall, this is a very good research paper and I would recommend BMJ Open to accept this paper. Reviewer: 2 Reviewer Name: Myrsini Katsikatsou, London School of Economics, UK The paper applies a latent class model to a certain longitudinal data set to describe patterns of item missingness and other models to study the relationship between a participant's item missingness with their demographics and their future participation in the longitudinal survey. The statistical methods used are well-established so the focus is on demonstrating the statistical methodology and how the results can be used to inform future survey design. My main comments are the following: a) I find it confusing and difficult to follow the first part of the paper as the statistical methods and their corresponding results have been separated in different sections. I think if after describing each method/ model and its assumptions, the results from this model should follow. This way, the reading will be facilitated and the reproducibility of the applied methods to other data sets will be enhanced. RESPONSE: We prefer the standard layout of: Introduction, Methods, Results and Discussion. We hope the reproducibility of the method to other datasets will be enhanced by providing the R code.
b) The authors claim that item missingness in the survey is associated with age and education. However, the description of the three latent classes (i.e. which items have higher probability to be missing in each latent class) indicates that the missingness may be associated with lifestyle and level of physical activity. It is quite plausible to assume that younger and more educated people tend to have healthier lifestyle, better health, and being more active physically. Thus, it is the latter variables that may actually have impact on item missingness. For this, the conclusion that the item missingness depends on the demographics, where the questions were placed in the questionnaire, that the respondents may have had difficult to recall an answer due to time distance, are not so convincing.
Have the authors run a model to study the association between missingness and lifestyle, health status, and physical activity? I think they should present such a study in their analysis.
RESPONSE: This is an interesting point and it is likely that age and education influence other variables, such as physical health, which may then have a more direct influence on missingness. However, the point of this analysis was to show that there were differences between the latent groups in key descriptive variables; so our aim was not to estimate the underlying cause of the missingness, instead we aimed to show that the latent classes were grouping people that were somewhat similar using additional data that was not part of the latent class model. We also selected age, sex and education because they have very little missing data in the HABITAT data, hence we could model associations without the added complication of missing data. c) There are several points in the paper that need clarification. I elaborate on this point below. d) I would recommend that the authors provide the entire code, from data managing/screening to extracting results from the demonstrated models/methods since the scope of the paper is entirely to demonstrate the related methods and their usefulness. RESPONSE: Good idea, we have added the data and R code on github: https://github.com/agbarnett/item.missing. Comments on points that need to be clarified / become more precise: 1) Page 1, in the section "Materials and methods", it reads: "A latent class model with a mixture of multinomial distributions". What do the authors exactly mean here? A latent class model is indeed a mixture model and if the observed variables are categorical then it is indeed a mixture of multinomial distributions by definition. In such a case, the standard terminology is "a latent class model". There are other points in the paper that the authors use the term "multinomial mixture model". If they refer to the latent class model, they should better refer to it as such to avoid confusion. RESPONSE: BMJ Open has a general readership and we expect that the majority of readers will not be familiar with latent class modelling. We have therefore, in places, used some additional text that would not be needed in a statistical journal.
2) I find the expressions "greater/higher item missing" and "item missing" used throughout the paper rather confusing. It would facilitate the reader if these expressions are substituted by: "rate of missing items" / "item missingness" / "probability an item to be missing" / "pattern of missingness". Similarly for "wave missing"; it would be less confusing if "wave missingness" / "probability a participant is missing in the next wave" are used instead. RESPONSE: We think our wording is clear and parsimonious. We explain the meaning of "wave missing" in the introduction, and we prefer our shorter phrase.
3) In several places, it reads "average estimated probability" and "mean estimated probability". I have the impression that the average or mean is not needed at some points otherwise, the authors should clearly mention over which units (questions? Participants? Over latent classes?) they average. RESPONSE: In the methods we explain that, "We calculated the overall mean probability of item missing in each latent group". 4) The formula of the latent class model should be provided as well as well as the mathematical expressions of the different probabilities mentioned throughout the paper to facilitate the reader. RESPONSE: We have added the formula for the probability density function in the "statistical methods" section (see page 4). We have added the overall mean probability was calculated (page 5). 5) In page 4, line 10, it reads "We allowed unequal group sizes…" but this is the default in latent class model. Do the authors try to make an indirect comparison with some other method similar to latent class that assumes equal sizes of latent classes? Also, I would suggest to specifically mention "latent groups" or "latent classes" rather than just groups to avoid confusion (as latent class models can be used in a multi-group analysis). RESPONSE: As stated above, BMJ Open has a general readership and we expect that the majority of readers will not be familiar with latent class modelling. We mentioned the unequal group sizes here simply to inform the reader about this important point. 6) Page 5, line 3, why was the model fitted the Bayesian way (and not in a frequentist way)? What is the advantage? Please discuss this choice in the text so a reader familiar with frequentist statistics will not be discouraged to apply the demonstrated method simply because they are not familiar with the Bayesian approach.
RESPONSE: We used a Bayesian framework because it allowed us to easily present the results as prevalence ratios instead of the standard odds ratios from logistic regression. Odds ratios are often misinterpreted as multipliers of a baseline risk, see for example: Sainani et al, Sleep, 2009 Aug 1; 32(8) : 976. Another reason for using a Bayesian approach is that we can use 95% credible intervals to describe parameter uncertainty and these are far more intuitive than 95% confidence intervals. On page 5 we have added the sentence: "A standard frequentist logistic regression model could equally have been used." 7) Page 6, line 4: please explain the role of P in the model and what are the different shapes produced based on the P values mentioned. Also, gamma is mentioned as a random intercept but it is not stated what distribution it is assumed to follow. RESPONSE: P is the power of the fractional polynomial and the eight values of P create a range of non-linear curves; we have now used this phrase in this section (page 6). We have added the distribution for gamma. 8) Page 6, "Results" section: Please give already there the estimated sizes of the latent classes which are now given in the last line of the page. Also, in the last paragraph of page 6, along with the average probability of an item to be missing given a latent group, please also provide the range of these probabilities within each latent class. It would also be helpful to provide a table with the number of questions for different ranges of these probabilities within each latent class (e.g. in latent class 2, 100 questions have probability to be missing between 0-0.05, 80 questions have probability of being missing between 0.05-0.1, etc.). Moreover, it reads "Group 2 had an average missing probability of 0.05 and this was relatively constant through the survey" but the probability of 0.05 does not appear to be constant in the related graph. RESPONSE: The first part of the results concerns selecting the optimal group size, hence it would be too early to give the numbers in each latent group as we have not yet told the reader what the ideal group size is. We have added the ranges as suggested (pages 7 and 8). We have removed our incorrect wording around the probabilities being "relatively constant". Instead of a table of summary statistics we have added a histogram of the missing probabilities to a revised Figure 2 . 9) In page 7, line 8, and Table 2 , please amend the term "credible intervals" to the standard statistical term "confidence interval" for the sake of precision. RESPONSE: These are Bayesian credible intervals not frequentist confidence intervals, so we need to label them as such. 10) In page 7, it reads "overall model fit chi-squared = 66.2 (1)" and it is claimed that this shows strongly significant association between the rate of missing items per participant with their probability to participate in the next round of the survey. However, if the authors refer to the model of page 6, these have two explanatory terms, the rate of missing items and the random intercept. Please explain your argument here. Alternatively, one could consider to provide the estimate and confidence interval of beta_1 coefficient. RESPONSE: The model fit statistic given avoided this issue because it compared a model with an overall intercept, slope and random intercept to a model with just an overall intercept and random intercept, hence the 1 degree of freedom difference. We have now clarified this in the Methods section (page 6 of the revised paper). 11) In page 8, 4th paragraph, it reads: "…the highest missing for work, which would not be applicable for retired respondents". The non-response of retired people to the question "walk to work" should definitely not be counted as missingness as the question clearly does not apply to this category of respondents. The authors need to do logical checks across the questions of the data and make sure that all data analysed are meaningful. For this, they need to include a related section in the paper to reassure the reader that item missingness is correctly defined. RESPONSE: As stated in the methods (page 3) we excluded any conditional questions that could be legitimately missing. Respondents were expected to answer "0" to this question if they had not walked to work. Many retired people in Australia engage in volunteer work, and so a missing response could still be a genuine missing. 12) Page 9, last paragraph, it reads: "An initial dimension reduction step may have been useful, such as principal components analysis, to combine questions with a similar pattern of missing". A comment here just for the authors reference: The simultaneous usage of factor analysis models and latent class models are well-established in the literature. RESPONSE: Thanks. We are aware of this and our recommendation was based on seeing it used in previous publications, including the paper by Bouveyron et al cited at the end of this sentence. 13) Page 10, 2nd paragraph. Latent class models where the latent class membership is regressed on covariates are well-established in the literature. I have the impression that the R package covLCA can run such models. The authors seem to be dependent on what is available in the Bayesian framework with no obvious reason why the choose the Bayesian approach. This needs to be discussed in the paper so that practitioners more familiar with the frequentist approach will not be discouraged to apply the demonstrated techniques. RESPONSE: covLCA is an interesting package that is very useful for cross-sectional data, however it does not allow for repeated data from the same participant as we have here. This is why we pursued the Bayesian approach, because it easily allows random intercepts to control for repeated data in combination with generalised linear regression models to include potential predictors and categorical distributions to model latent classes. We have clarified this on page 10 of the revised paper by adding, "that accounts for repeated data from the same participant". The Rmixmod package uses a frequentist approach and therefore we hope the paper will not discourage any practitioners from using this approach. 14) Page 10, it reads:" Data driven approaches such as that shown here can only identify data that is Missing at Random (MAR) and further assumptions are needed to identify data that is MNAR…" Please discuss-clarify this point to avoid confusion. 
GENERAL COMMENTS
The authors' responses are appreciated. Increasing the number of groups to 14 does reveal some interesting patterns. Although I would suggest choosing less groups instead of 14 to combine very similar groups. However, choosing the number of groups is more an art than a science, and the readers can make their own decisions, giving the data and code provided by the authors. Moreover, including specific formulas also improves the readability of the paper. I only have two more comments: Page 31 line 13: Equation for the "overall mean probability of item missing" is missing a denominator of total number of items. Page 31 line 44: Please note that the distribution of alpha_k is the prior distribution.
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GENERAL COMMENTS
The authors replied to almost all my comments. I have only two points to raise.
1) The formula of the latent class model given in page 4 of the paper does not seem to be precise. The term f(x_i ; pi_k) should probably be written as f(x_i | k) which in turn, can be denoted as pi_k. Also, I would suggest the latent class probabilities to be denoted with a Greek letter as they are model parameters that are estimated. The text below the equation reads: "latent group proportions". In my opinion, it should be changed to latent group probabilities as these quantities are estimated rather than observed in the data. Furthermore, the authors could add the standard assumption of a latent class model which I assume they also adopt, i.e. that f(x_i | k)=Sum_j f(x_ij | k) usually referred to as the local independence assumption. Anyway, later in the text (first line page 5), they denote f(x_ij | k) with pi_j,k.
2) I don't quite agree with the author's response to my comment 2) but I leave this to the editor of the journal and the proof reader. To my knowledge, the standard expressions I have seen so far in literature are "item missingness", "higher probability of item being missing" (rather than "higher item missing" which does not seem precise a expression), "rate of missing items", and "missingness patterns".
